c-Myc creates an activation loop by transcriptionally repressing its own functional inhibitor, hMad4, in young fibroblasts, a loop lost in replicatively senescent fibroblasts.
c-Myc transcriptional activity in cells is dampened by the Mad family of transcriptional repressors. The expression of one member, hMad4, is increased in growth-arrested states such as quiescence or replicative senescence; hMad4 mRNA levels in replicatively senescent fibroblasts are about twice those seen in their young contact-inhibited quiescent counterparts. Moreover, the repression of hMad4 transcription following serum stimulation observed in quiescent young fibroblasts is lost in senescent cells. This loss results in persistent expression of hMad4, which leads to an inability to switch from an hMad4/Max complex to a c-Myc/Max complex on selected c-Myc target genes following serum stimulation. We have located an initiator element (Inr), a candidate for Miz-1 binding, in the hMad4 promoter. In reporter assays, Miz-1 enhances reporter GFP expression; this enhancement is inhibited by co-expressing c-Myc. Thus hMad4, as does its murine counterpart, contains the Inr element through which Miz-1 activates its expression; but this action is inhibited in the presence of c-Myc. This inhibition may explain the down-regulation of hMad4, corresponding to the up-regulation of c-Myc, in young serum-starved quiescent fibroblasts upon serum stimulation. However, this reciprocal change does not occur in replicatively senescent fibroblasts upon serum stimulation; instead, hMad4 persists in the presence of high levels of c-Myc activation. Our results suggest that: (1) replicative senescence-specific factors may block c-Myc inhibition of Miz-1 activation of hMad4 expression; and (2) the continual presence of hMad4 protein may transcriptionally repress selected c-Myc target genes, whose functions are key to the signaling pathways leading to apoptosis inhibition and permanent exit of cell cycle traverse in normal human fibroblasts.